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(67)  Disclosed are a data download method and de-

vice. The method comprises: based on a peer-to-peer 100
network (P2P) manner, in the process of downloading
data from a content delivery network (CDN) when de- If'a client downloading data from a CDN in the P2P mode detects
. h h | b f cli ’ d an update to the total number of clients P2P-connected with the
tecting that the total number of clients connected to a local client, then the client updates a local download decision
locally existing P2P is updated, updating, by a client, a recording data identifiers of downloaded data, and data identifiers
local download decision, a data identifier of data already of data to be downloaded
downloaded and a data identifier of data to be download- 1o
ed being recorded in the local download decision (100); { —
sending, by the client, the local download decision to oth- The client sends the local download decision to the other clients
er clients connected to the Iocally existing P2P. and re- P2P-connected with the local client, and receives download
.. . ] decisions sent by the other clients P2P-connected with the local
ceiving download decisions sent by other clients con- client
nected to the locally existing P2P (110); and comparing,
by the client, the local download decision with the re- //1,20
ceived download decisions, and when it is determined - - — , :
A X The client compares the local download decision with the received
that the local download decision and any received down- download decisions, and if it is determined from a comparison
load decision contain the same data identifier according result that the same data identifier is included in the local download
to the Comparison result, determining an adjustment pol- deqsmn and ar?y one ofthe received download decisions, thpt} the
X i Rl client determines an adjustment to the local download decision
icy with respect to the local download decision based on according to a data download state represented by the same data
a data download state characterized by the same data identifier
identifier (120). This method avoids the repetitive down- Fig.1

load of data already downloaded, thereby effectively sav-
ing network resources.
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Description

[0001] This application claims the benefits of Chinese
Patent Application No. 201310740042.4, filed with the
State Intellectual Property Office of People’s Republic of
China on December 26, 2013 and entitled "Method and
apparatus for adjusting data download decision", and
Chinese Patent Application No. 201310740059.X, filed
with the State Intellectual Property Office of People’s Re-
public of China on December 26, 2013 and entitled
"Method and apparatus for transmitting data", both of
which are hereby incorporated by reference in their en-
tireties.

Field

[0002] The presentdisclosure relates to the field of da-
ta downloading and particularly to a method and appa-
ratus for downloading data.

Background

[0003] At present, clients download data from a Con-
tent Delivery Network (CDN) based on the Peer to Peer
(P2P) technology by downloading the data from the CDN
according to some proportion decision. For example, if
there are five clients P2P-connected with each other,
then each of the clients will download one fifth of the data
from the CDN, and then the five clients will further pass
their downloaded data to each other to thereby complete
the data downloading. The respective clients need to ob-
tain the proportion decision to determine the respective
segments of the data to be downloaded by the corre-
sponding clients, before they download the data, where
the proportion decision can be issued by the CDN, or can
be determined by the respective clients from their gen-
erated random numbers.

[0004] In a real application, the clients may go online
or offline at any time, so there will be a varying number
of clients obtaining from the same data source, and thus
the proportion decision to be applied to the clients needs
to be updated in a timely manner. However the proportion
decision has been so defined currently that the respective
clients to which a renewed proportion decision is applied
may download segments of the data, which have been
downloaded by the other clients, so that the segments
ofthe data may be downloaded repeatedly, thus resulting
in a considerable waste of network resources.

Summary

[0005] Embodiments of the disclosure provide a meth-
od and apparatus for downloading data so as to address
the problemin the prior art of repeated downloading when
the clients download data according to the currently de-
fined proportion decision.

[0006] Particular technical solutions according to the
embodiments of the disclosure are as follows:
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[0007]
includes:

In afirst aspect, a method for downloading data

updating, by a client, a local download decision re-
cording data identifiers of downloaded data, and data
identifiers of data to be downloaded, upon detecting
an update to the total number of clients Peer to P2P-
connected with the local client while the data are
being downloaded from a CDN in the P2P mode;

sending, by the client, the local download decision
to the other clients P2P-connected with the local cli-
ent, and receiving download decisions sent by the
other clients P2P-connected with the local client; and

comparing, by the client, the local download decision
with the received download decisions, and if it is de-
termined from a comparison result that the same da-
taidentifieris included in the local download decision
and any one of the received download decisions,
then determining an adjustment to the local down-
load decision according to a data download state
characterized by the same data identifier.

[0008] In this implementation, if the clients operating
in the P2P mode go online or offline, then the local down-
load decisions of the respective clients will be updated
in a timely manner, and compared and adjusted, thus
avoiding the downloaded data from being downloaded
repeatedly and saving in effect the network resources.
[0009] In afirst possible implementation, detecting, by
the client, the update to the total number of clients P2P-
connected with the local client includes:

the client being instructed by the CDN about the up-
date to the total number of clients P2P-connected
with the local client; or

knowing, by the client, the update to the total number
of clients P2P-connected with the local client, upon
reception of a P2P access notification sent by other
client.

[0010] Inthisimplementation, the client can be notified
by the CDN or a client newly going online about the up-
date to the total number of clients P2P-connected with
the local client.

[0011] Inasecond possible implementation, updating,
by the client, the local download decision includes:

updating, by the client, the local download decision
according to instruction from the CDN; or

updating, by the client, the local download decision
using locally generated random numbers.

[0012] Inthisimplementation, the client can update the
local download decision in a timely manner by generating
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the random numbers.

[0013] In a third possible implementation, if it is deter-
mined from the comparison result that the same data
identifier is included in the local download decision and
any one of the received download decisions, then adjust-
ing, by the client, the local download decision according
to the data record state represented by the same data
identifier includes:

ifitis determined from the comparison result that the
same data identifier is included in the local download
decision and any one of the received download de-
cisions, then comparing, by the client, an initial
record time of the same data identifier in the local
download decision with an initial record time thereof
in the any one of the received download decision;
and

if the initial record time of the same data identifier in
the local download decision is earlier than the initial
record time thereof in the any one of the received
download decision, then determining no adjustment
to the local download decision, and instructing the
client sending the any one of the received download
decision to delete the same data identifier, and

if the initial record time of the same data identifier in
the local download decision is later than the initial
record time thereof in the any one of the received
download decision, then deleting the same data
identifier directly from the local download decision.

[0014] In this implementation, the client can compare
the initial record times of the same data identifier in the
local download decisions of the different clients, and
maintain only the data identifier in the local download
decision of the client with an earlier initial record time, to
thereby avoid the data from being downloaded repeat-
edly.

[0015] In a fourth possible implementation, if it is de-
termined from the comparison result that the same data
identifier is included in the local download decision and
any one of the received download decisions, then adjust-
ing, by the client, the local download decision according
to the data record state characterized by the same data
identifier includes:

ifitis determined from the comparison result that the
same data identifier is included in the local download
decision and any one of the received download de-
cisions, then comparing, by the client, the amount of
downloaded data, corresponding to the same data
identifier, recorded in the local download decision
with the amount of downloaded data, corresponding
to the same data identifier, recorded in the any one
of the received download decision; and

if the amount of downloaded data, corresponding to
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the same data identifier, recorded in the local down-
load decision is more than the amount of download-
ed data, corresponding to the same data identifier,
recorded in the any one of the received download
decision, then determining no adjustmentto the local
download decision, and instructing the client sending
the any one of the received download decision to
delete the same data identifier, and

if the amount of downloaded data, corresponding to
the same data identifier, recorded in the local down-
load decision is less than the amount of downloaded
data, corresponding to the same data identifier, re-
corded in the any one of the received download de-
cision, then deleting the same data identifier directly
from the local download decision.

[0016] In this implementation, the client can compare
the amounts of downloaded data corresponding to the
same data identifier in the local download decisions of
the different clients, and maintain only the data identifier
in the local download decision of the client with a larger
amount of downloaded data, to thereby avoid the data
from being downloaded repeatedly.

[0017] In a fifth possible implementation, after the ad-
just to the local download decision is determined, the
method further includes:

receiving a data download request sent by other cli-
ent, and obtaining atleast one data identifier interval
from the data download request;

matching each of data identifiers corresponding to
locally stored data respectively with the at least one
data identifier interval, and obtaining a result of
matching; and

if it is determined from the result of matching that
there is at least one local data identifier lying in the
at least one data identifier interval, then sending the
stored data corresponding to the at least one data
identifier to the other client.

[0018] Inasixth possible implementation, receiving the
data download request sent by the other client, and ob-
taining the at least one data identifier interval from the
data download request includes:

upon reception of the data download request sent
by the other client, obtaining all the data identifiers
carried in the data download request, from the data
download request in a preset order, determining for
each of the obtained data identifiers whether there
is another data identifier consecutive in value there-
with, and if so, grouping the data identifier and the
other data identifier into the same data identifier in-
terval; otherwise, grouping the data identifier sepa-
rately into a data identifier interval; or
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upon reception of the data download request sent
by the other client, obtaining all the data identifiers
and associated interval identifiers carried in the data
download request, from the data download request,
and grouping the respective data identifiers into at
least one data identifier interval according to the in-
terval identifiers associated with each of the data
identifiers; or

upon reception of the data download request sent
by the other client, obtaining the at least one data
identifier interval directly from a specified field in the
data download request.

[0019] Inaseventh possibleimplementation, matching
each of the data identifiers corresponding to the locally
stored data respectively with the at least one data iden-
tifier interval, and obtaining the result of matching in-
cludes:

determining whether the value of any one of the data
identifiers corresponding to the locally stored data is
more than or equal to the lowest value of data iden-
tifier in the at least one data identifier interval, and
less than or equal to the highest value of data iden-
tifier in the at least one data identifier interval; and

if so, then determining that the any one of the data
identifier lies in the atleast one data identifierinterval;

otherwise, determining that the any one of the data iden-
tifier does notlie in the at least one data identifier interval.
[0020] In an eighth possible implementation, if it is de-
termined from the result of matching that there is at least
one local data identifier lying in the at least one dataiden-
tifier interval, then sending the stored data corresponding
to the at least one data identifier to the other client in-
cludes:

if it is determined that there is at least one local data
identifier lying in the at least one data identifier inter-
val, then further determining whether the number of
other clients currently requesting for obtaining the
stored data corresponding to the at least one data
identifier reaches a preset threshold, and sending
the stored data corresponding to the at least one
data identifier to the other client upon determining
that the number of other clients does not reach the
preset threshold.

[0021] In a ninth possible implementation, the method
further includes:

sending an indicator of a wait length of time to the
other client, or instructing the other client to reinitiate
a data download request to another data source, up-
on determining that the number of other clients cur-
rently requesting for obtaining the stored data cor-
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the preset threshold.

[0022] Inasecondaspect, an apparatus for download-
ing data includes:

an updating module configured to update a local
download decision recording data identifiers of
downloaded data, and data identifiers of data to be
downloaded, upon detecting an update to the total
number of clients P2P-connected with a local client
while the data are being downloaded from a CDN in
the P2P mode;

a communicating module configured to send the lo-
cal download decision to the other clients P2P-con-
nected with the local client, and to receive download
decisions sent by the other clients P2P-connected
with the local client; and

a comparing module configured to compare the local
download decision with the received download de-
cisions, and if it is determined from a comparison
result that the same data identifier is included in the
local download decision and any one of the received
download decisions, to determine an adjustment to
the local download decision according to a data
download state represented by the same data iden-
tifier.

[0023] Thusthe respective modulesinteroperate to up-
date the local download decisions of the respective cli-
ents in a timely manner, and to compare and adjust the
local download decisions of the respective clients, thus
avoiding the downloaded data from being downloaded
repeatedly and saving in effect the network resources.
[0024] In afirst possible implementation, the updating
module is configured:

to be notified by the CDN about the update to the
total number of clients P2P-connected with the local
client; or

toknow the update to the total number of clients P2P-
connected with the local client, upon reception of a
P2P access notification sent by other client.

[0025] Inthisimplementation, the updating module can
be notified by the CDN or a client newly going online
about the update to the total number of clients P2P-con-
nected with the local client.

[0026] In a second possible implementation, the up-
dating module is configured:

to be instructed by the CDN to update the local down-
load decision; or

to update the local download decision using locally
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generated random numbers.

[0027] Inthisimplementation, the updating module can
update the local download decision in a timely manner
by generating the random numbers.

[0028] In a third possible implementation, the compar-
ing module is configured:

if it is determined from the comparison result that the
same data identifier is included in the local download
decision and any one of the received download de-
cisions, to compare an initial record time of the same
data identifier in the local download decision with an
initial record time thereof in the any one of the re-
ceived download decisions; and

if the initial record time of the same data identifier in
the local download decision is earlier than the initial
record time thereof in the any one of the received
download decisions, to determine no adjustment to
the local download decision, and to instruct the client
sending the any one of the received download deci-
sions to delete the same data identifier, and

if the initial record time of the same data identifier in
the local download decision is later than the initial
record time thereof in the any one of the received
download decisions, to delete the same data identi-
fier directly from the local download decision.

[0029] In this implementation, the comparing module
can compare the initial record times of the same data
identifier in the local download decisions of the different
clients, and maintain only the data identifier in the local
download decision of the client with an earlier initial
record time, to thereby avoid the data from being down-
loaded repeatedly.

[0030] In a fourth possible implementation, the com-
paring module is configured:

ifitis determined from the comparison result that the
same data identifier is included in the local download
decision and any one of the received download de-
cisions, to compare the amount of downloaded data,
corresponding to the same data identifier, recorded
in the local download decision with the amount of
downloaded data, corresponding to the same data
identifier, recorded in the any one of the received
download decisions; and

if the amount of downloaded data, corresponding to
the same data identifier, recorded in the local down-
load decision is more than the amount of download-
ed data, corresponding to the same data identifier,
recorded in the any one of the received download
decisions, to determine no adjustment to the local
download decision, and to instruct the client sending
the any one of the received download decisions to
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delete the same data identifier, and

if the amount of downloaded data, corresponding to the
same data identifier, recorded in the local download de-
cision is less than the amount of downloaded data, cor-
responding to the same data identifier, recorded in the
any one of the received download decisions, to delete
the same data identifier directly from the local download
decision.

[0031] In this implementation, the comparing module
can compare the amounts of downloaded data corre-
sponding to the same data identifier in the local download
decisions of the different clients, and maintain only the
data identifier in the local download decision of the client
with a larger amount of downloaded data, to thereby
avoid the data from being downloaded repeatedly.
[0032] Inafifth possible implementation, the apparatus
further includes:

an obtaining module configured to receive a data
download request sent by other client, and to obtain
at least one data identifier interval from the data
download request, after the adjustment to the local
download decision is determined;

a matching module configured to match each of data
identifiers corresponding to locally stored data re-
spectively with the atleast one dataidentifierinterval,
and to obtain a result of matching; and

a sending module configured, if itis determined from
the result of matching that there is at least one local
data identifier lying in the at least one data identifier
interval, to send the stored data corresponding to
the at least one data identifier to the client.

[0033] In a sixth possible implementation, the obtain-
ing module is configured:

upon reception of the data download request sent
by the other client, to obtain all the data identifiers
carried in the data download request, from the data
download request in a preset order, to determine for
each of the obtained data identifiers whether there
is another data identifier consecutive in value there-
with, and if so, to group the data identifier and the
other data identifier into the same data identifier in-
terval; otherwise, to group the data identifier sepa-
rately into a data identifier interval; or

upon reception of the data download request sent
by the other client, to obtain all the data identifiers
and associated interval identifiers carried in the data
download request, from the data download request,
and to group the respective data identifiers into at
least one data identifier interval according to the in-
terval identifiers associated with each of the data
identifiers; or
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upon reception of the data download request sent
by the other client, to obtain the at least one data
identifier interval directly from a specified field in the
data download request.

[0034] In a seventh possible implementation, the
matching module is configured:

to determine whether the value of any one of the
data identifiers corresponding to the locally stored
data is more than or equal to the lowest value of data
identifier in the at least one data identifier interval,
and less than or equal to the highest value of data
identifier in the at least one data identifier interval;
and

if so, to determine that the any one of the data iden-
tifier lies in the at least one data identifier interval;

otherwise, to determine that the any one of the data
identifier does not lie in the at least one data identifier
interval.

[0035] Inan eighth possible implementation, the send-
ing module is configured:

if it is determined that there is at least one data iden-
tifier lying in the at least one data identifier interval,
to further determine whether the number of other cli-
ents currently requesting for obtaining the stored da-
ta corresponding to the at least one data identifier
reaches a preset threshold, and to send the stored
data corresponding to the at least one data identifier
to the other client upon determining that the number
of other clients does not reach the preset threshold.

[0036] In a ninth possible implementation, the sending
module is further configured:

to send an indicator of a wait length of time to the
other client, or to instruct the other client to reinitiate
a data download request to another data source, if
it is determined that the number of other clients cur-
rently requesting for obtaining the stored data cor-
responding to the atleast one data identifier reaches
the preset threshold.

[0037] In a third aspect, an electronic device includes
a controller, a memory, and a network transmission ap-
paratus, wherein:

the memory is configured to store a local download
decision, and information about opposite electronic
devices Peer to Peer (P2P)-connected with the elec-
tronic device;

the controller is configured to perform the operations
of: updating a local download decision recording da-

10

15

20

25

30

35

40

45

50

55

ta identifiers of downloaded data, and data identifiers
of data to be downloaded, upon detecting an update
to the total number of opposite electronic devices
P2P-connected with the local electronic device while
the data are being downloaded from a Content Dis-
tribution Network (CDN) in the P2P mode; sending
the local download decision to the opposite electron-
ic devices P2P-connected with the local electronic
device, and to receive download decisions sent by
the opposite electronic devices P2P-connected with
the local electronic device, through the network
transmission apparatus; and comparing the local
download decision with the received download de-
cisions, and if it is determined from a comparison
result that the same data identifier is included in the
local download decision and any one of the received
download decisions, then determining an adjust-
ment to the local download decision according to a
data download state represented by the same data
identifier; and

the network transmission apparatus is configured to
be instructed by the controller to receive or transmit
the data from or to a CDN node or the opposite elec-
tronic devices.

[0038] In this implementation, if the electronic devices
operating in the P2P mode go online or offline, then the
local download decisions of the respective electronic de-
vices will be updated in a timely manner, and compared
and adjusted, thus avoiding the downloaded data from
being downloaded repeatedly and saving in effect the
network resources.

[0039] In a fourth aspect, a system for downloading
dataincludes atleast two of the electronic devices above,
which are connected over a network, and a CDN system
connected with the electronic devices.

[0040] In this implementation, if the electronic devices
operating in the P2P mode go online or offline, then the
local download decisions of the respective electronic de-
vices will be updated in a timely manner, and compared
and adjusted, thus avoiding the downloaded data from
being downloaded repeatedly and saving in effect the
network resources.

Brief Description of the Drawings
[0041]

Fig.1 is a flow chart of a method for adjusting a data
download decision according to an embodiment of
the disclosure;

Fig.2 is a flow chart of a method for transmitting data
according to an embodiment of the disclosure;
Fig.3 is a schematic diagram of an apparatus for
downloading data according to an embodiment of
the disclosure; and

Fig.4 is a schematic structural diagram of an elec-
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tronic device according to an embodiment of the dis-
closure.

Detailed Description of the Embodiments

[0042] Inorderto make the objects, technical solutions
and advantages of the embodiments of the disclosure
more apparent, the technical solutions according to the
embodiments of the disclosure will be described clearly
and fully in further details with reference to the drawings
in the embodiments of the disclosure, and apparently the
embodiments described below are only some but not all
of the embodiments of the disclosure. All the other em-
bodiments which are apparent to those ordinarily skilled
in the art based upon the embodiments here of the dis-
closure without any inventive effort shall fall into the
scope of the invention as claimed.

[0043] The technical solutions according to the inven-
tion can address the problem in the prior art of repeated
downloading when the clients download data according
to the currently defined proportion decision.

[0044] An embodiment of the disclosure provides a
method for downloading data, and preferred implemen-
tations thereof according to the disclosure which will be
described below in details with reference to the drawings.
[0045] Referring to Fig.1, in an embodiment of the dis-
closure, a particular flow chart of a method for adjusting
a data download decision while downloading data is as
follow:

[0046] Intheoperation 100, if a clientdownloading data
from a CDN in the P2P mode detects an update to the
total number of clients P2P-connected with the local cli-
ent, then the client updates a local download decision
recording data identifiers of downloaded data, and data
identifiers of data to be downloaded.

[0047] In a real application, the client can be notified
by the CDN about the update to the total number of clients
P2P-connected with the local client. Particularly if a client
goes online, then the CDN will notify the client about the
number of other clients in the same P2P network the
client before the client goes online, and also notify each
of the other clients about the new client going online. If
there are more than two clients going online at the same
time, then the CDN will notify each of the clients newly
going online about the number of other clients going on-
line at the same time as the client, and the number of
other clients in the same P2P network as the client before
the clientgoes online, and also notify each of other clients
in the same P2P network without the new client being
online about the new clients going online, and the number
of clients newly going online.

[0048] Alternatively, in order to alleviate a burden on
the CDN, the client can know the update to the total
number of clients P2P-connected with the local client,
upon reception of a P2P access notification sent by other
client. Particularly if there is a new client going online,
then the new client will notify each of other clients in the
same P2P network that the new client goes online.
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[0049] In an embodiment of the disclosure, the client
can be instructed by the CDN to update the local down-
load decision. Particularly the CDN firstly obtains the data
identifiers of the downloaded data in the local download
decision prior to the update to the client, and then gen-
erates and issues a set of random numbers to the client,
where the set of random numbers corresponds to the
data identifiers of the download data, and the set of ran-
dom numbers definitely include numerals corresponding
to the data identifiers of the data downloaded by the cli-
ent.

[0050] Forexample,ifaclientA, aclientB, and a client
C are P2P-connected with each other, then all the data
of a file to be downloaded by the three clients are divided
into 9 segments, each of which is identified by one of the
numerals 1 to 9; and the data corresponding to the data
identifiers 1 to 3 are downloaded by the client A, the data
corresponding to the data identifiers 4 to 6 are download-
ed by the client B, and the data corresponding to the data
identifiers 7 to 9 are downloaded by the client C. If there
is a client D newly going online, then if the client A has
downloaded the data corresponding to the data identifier
1 and is downloading the data corresponding to the data
identifier 2, the client B is downloading the data corre-
sponding to the data identifier 4, and the client C is down-
loading the data corresponding to the data identifier 7,
then the CDN generates a set of random numbers (1, 2,
Xa1) for the client A, where X,4) is any one of the natural
numbers 3to 9; the CDN generates a set of random num-
bers (4, Xg1, Xgp) for the client B, where Xz and Xz, are
any ones of the natural numbers 1 to 3 and 5-9 and dif-
ferent from each other; the CDN generates a set of ran-
dom numbers (7, X1, X¢p) for the client C, where X4
and X, are any ones of the natural numbers 1 to 6, 8
and 9 and different from each other; and the CDN gen-
erates a set of random numbers (Xp,, Xpo, Xp3) for the
client D, where Xp4, Xp, and Xp3 are any ones of the
natural numbers 1 to 9 and different from each other; and
the data identifiers corresponding to the data which are
not downloaded by the client A, the client B, and the client
C are definitely included among the eight random num-
bers Xa1, Xg1, Xgo, Xc1, Xc2, Xppy Xpo and Xpg, that is,
the five numerals 3, 5, 6, 8 and 9 are definitely included
among these eight random numbers.

[0051] Alternatively in order to alleviate the burden on
the CDN, the local download decision can be updated
by the client using locally generated random numbers
corresponding to the data identifiers of the download da-
ta, where numerals corresponding to the data identifiers
of the locally downloaded data are definitely included
among the random numbers generated by the client. The
respective clients can generate locally the random num-
bers by generating one or a plurality more random num-
bers so that the data identifiers corresponding to all the
data which are not downloaded, are included among all
the random numbers generated by the respective clients,
[0052] Still referring to the example above, if the re-
spective clients generate locally the random numbers on
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their own initiatives, and the respective clients generate
two more random numbers than normal so that the data
identifiers corresponding to all the data which are not
downloaded, are included among all the random num-
bers generated by the respective clients, then a set of
random numbers (1, 2, X51, Xa0, Xa3: Xa4) is generated
by the client A, where Xy, Xp0, Xp3 and X,4 are any
ones of the natural numbers 3 to 9 and different from
each other; a set of random numbers (4, Xg4, Xgo, Xg3,
Xg4) is generated by the client B, where Xg4, Xgo, Xg3
and Xg4 are any ones of the natural numbers 1 to 3 and
5 to 9 and different from each other; a set of random
numbers (7, X¢1, Xco, X3, Xc4) is generated by the client
C, where X¢q, Xc2, Xc3 and X4 are any ones of the
natural numbers 1 to 6, 8 and 9 and different from each
other; and a set of random numbers (Xp4, Xpo, Xp3, Xpa,
Xps) is generated by the client D, where Xp4, Xpo, Xps3,
Xp4 and Xpg are any ones of the natural numbers 1 to 9
and different from each other.

[0053] In the operation 110, the client sends the local
download decision to the other clients P2P-connected
with the local client, and receives download decisions
sent by the other clients P2P-connected with the local
client.

[0054] In the operation 120, the client compares the
local download decision with the received download de-
cisions, and if it is determined from a comparison result
that the same data identifier is included in the local down-
load decision and any one of the received download de-
cisions, then the client determines an adjustment for the
local download decision according to a data download
state represented by the data identifier.

[0055] Particularly in a first implementation, the client
can compare an initial record time of the same data iden-
tifier in the local download decision with an initial record
time thereofin the any one of the received decisions when
itis determined from the comparison result that the same
data identifier is included in the local download decision
and the any one of the received download decisions. If
the initial record time of the same data identifier in the
local download decision is earlier than the initial record
time thereof in the any one of the received download
decisions, then the client determines no adjustment to
the local download decision, and instructs the client send-
ing the any one of the received download decisions to
delete the same data identifier. If the initial record time
of the same data identifier in the local download decision
is later than the initial record time thereof in the any one
of the received download decisions, then the same data
identifier is deleted directly from the local download de-
cision, where the initial record time is the time when the
data identifier is initially recorded in the download deci-
sion.

[0056] For example, if the initial local download deci-
sionofthe clientAis (1,2, 3),and theinitial localdownload
decision of the client B is (4, 5, 6), and after the client C
newly goes online, the updated local download decision
of the client A is (1, 4, 5), the updated local download
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decision of the clientB is (1, 2, 5), and the updated local
download decision of the client C is (1, 3, 6). The respec-
tive clients send their local download decisions respec-
tively to the other two clients, and receive the local down-
load decision from the other two clients, and compare
them. For the client A, the same data identifiers 1 and 5
are included in the local download decision thereof and
the local download decision of the client B, and the same
dataidentifier 1 is included in the local download decision
thereof and the local download decision of the client C;
and since the initial record time of the data identifier 1 in
the local download decision of the client A is earlier than
the initial record times thereof in the local download de-
cisions of the client B and the client C, and the initial
record time of the data identifier 5 in the local download
decision of the client A is later than the initial record time
thereof in the client B, only the data identifier 5 is deleted
from the local download decision of the client A, but the
dataidentifier 1 is not adjusted. Following the adjustment
to the local download decisions, the local download de-
cision of the client A is adjusted to be (1, 4), the local
download decision of the client B is adjusted to be (2, 5),
and the local download decision of the client C is adjusted
to be (3, 6).

[0057] Inasecondimplementation, the client can com-
pare the amount of downloaded data, corresponding to
the same data identifier, recorded in the local download
decision with the amount of downloaded data, corre-
sponding to the same data identifier, recorded in the any
one of the received download decisions, when it is de-
termined from the comparison result that the same data
identifier is included in the local download decision and
the any one of the received download decisions. If the
amount of downloaded data, corresponding to the same
data identifier, recorded in the local download decision
is more than the amount of downloaded data, corre-
sponding to the same data identifier, recorded in the any
one of the received download decisions, then the client
determines no adjustmentto the local download decision,
and instructs the client sending the any one of the re-
ceived download decisions to delete the same data iden-
tifier. If the amount of downloaded data, corresponding
tothe same dataidentifier, recordedin the local download
decision is less than the amount of downloaded data,
corresponding to the same data identifier, recorded in
the any one of the received download decisions, then the
same data identifier is deleted directly from the local
download decision.

[0058] Inthe second implementation, preferably when
itis determined from the comparison result that the same
data identifier is included in the local download decision
and the any one of the received download decisions, the
client can firstly determine whether the difference be-
tween the amount of downloaded data, corresponding to
the same data identifier, recorded in the local download
decision and the amount of downloaded data, corre-
sponding to the same data identifier, recorded in the any
one of the received download decisions is above a preset
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threshold, and if so, then the client compares the amount
of downloaded data, corresponding to the same data
identifier, recorded in the local download decision with
the amount of downloaded data, corresponding to the
same data identifier, recorded in the any one of the re-
ceived download decisions, maintains the same data
identifier in the local decision of the client with the larger
amount of downloaded data, and deletes the same data
identifier in the local decision of the client with less
amount of downloaded data; otherwise, the client further
obtains a current download rate of the client sending the
any one of the received download decisions, compares
it with a local download rate, maintains the same data
identifier in the local decision of the client with the higher
download rate, and deletes the same data identifier in
the local decision of the client with the lower download
rate.

[0059] Furthertothe embodiment above, the client can
further start to exchange the downloaded data locally with
the other clients, after determining the adjustment to the
local download decision, that is, the respective clients
send their downloaded data respectively to the other cli-
ents.

[0060] Furthermore in an embodiment of the disclo-
sure, in order to improve the data transmission efficiency
in the P2P network, a method for transmitting data can
be further optimized, and referring to Fig.2, in an embod-
iment of the disclosure, a particular flow of a method for
transmitting data while downloading the data is as fol-
lows:

[0061] In the operation 200, the client receives a data
download request sent by other client, and obtains at
least one data identifiers interval from the data download
request.

[0062] In an embodiment of the disclosure, the data
identifier interval obtained from the data download re-
quest of the other client can be only one data identifier
interval, or can be more than one data identifier interval,
each of which can be represented by the lowest value of
dataidentifier and the highest value of data identifier lying
in the data identifier interval, e.g., [M, N], where M rep-
resents the lowest value of data identifier in the data iden-
tifier interval, and N represents the highest value of data
identifier lying in the data identifier interval.

[0063] In an embodiment of the disclosure, the data
identifier interval can be obtained from the data download
request of the other client in the following three imple-
mentations:

[0064] In afirstimplementation, the client, upon recep-
tion of the data download request sent by the other client,
obtains all the data identifiers carried in the data down-
load request, from the data download requestin a preset
order, and determines for each of the obtained data iden-
tifiers whether there is another dataidentifier consecutive
in value therewith, and if so, then the client groups the
data identifier and the other data identifier consecutive
in value therewith into the same data identifier interval;
otherwise, the client groups the data identifier separately
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into a data identifier interval.

[0065] For example, if the client A sends a data down-
load request to the client B, then the client B reads all
the data identifiers corresponding to data requested by
the client A, from the data download request of the client
A, and sorts the read data identifiers in an ascending
order (or a descending order). If a set of all the sorted
data identifiers is {1, 2, 3, 4, 5, 6, 8}, then the client B
further reads the data identifiers sequentially from the set
in an ascending order (or a descending order). When the
data identifier 1 is read, since the client B reads only one
dataidentifier at this time, the client groups the data iden-
tifier 1 separately into adataidentifierinterval [1, 1]. When
the data identifier 2 is read, then the client B determines
whether the previously read data identifier is consecutive
in value therewith, and since the data identifier 2 is con-
secutive in value with the previously read data identifier
1, the client B groups the data identifier 2 and the data
identifier 1 into the same data identifier interval denoted
as [1, 2]. This process is repeated, and when the data
identifier 6 is read, then since the data identifier 6 is con-
secutive in value with the highest value of data identifier
5in the determined data identifier interval [1, 5], the client
B also groups the data identifier 6 into the data identifier
interval denoted as [1, 6]. When the client B reads the
data identifier 8, then since the data identifier 8 is incon-
secutive in value with the highest value of data identifier
6 in the determined data identifier interval [1, 6], the client
B groups the data identifier 8 separately into a data iden-
tifier interval denoted as [8, 8]. As a result, the client B
reads the two data identifier intervals [1, 6] and [8, 8]
respectively from the data download request of the client
A.

[0066] The first implementation is advantageous in
saving the amount of data to be processed by the client
requesting data, and avoiding any data from being
missed. Moreover the data identifiers can be subse-
quently matched based upon the determined data iden-
tifier interval simply by matching the data identifiers cor-
responding to the locally stored data with the data iden-
tifierinterval, to thereby greatly improve the data process-
ing efficiency as compared with the prior artin which each
of the received data identifiers is matched with the re-
spective data identifiers of the locally stored data.
[0067] Inasecondimplementation, the client, upon re-
ception of the data download request sent by the other
client, obtains all the data identifiers and associated in-
terval identifiers carried in the data download request,
from the data download request, and groups the respec-
tive dataidentifiers into at least one data identifier interval
according to the interval identifiers associated with each
of the data identifiers.

[0068] In this implementation, the data identifier inter-
val is determined by the other client requesting for down-
loading the data in the same way as in the first imple-
mentation, that is, firstly the other client sorts all the data
identifiers corresponding to the data to be requested lo-
cally, in an ascending order (or a descending order), then
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obtains the data identifiers sequentially in an ascending
order (or a descending order), and determines for each
of the obtained data identifiers whether there is another
data identifier consecutive in value therewith, and if so,
then the other client groups the data identifier and the
other data identifier consecutive in value therewith into
the same data identifier interval; otherwise, the other cli-
ent groups the data identifier separately into a data iden-
tifier interval. The other client assigns each of the data
identifiers with the corresponding interval identifier after
the data identifier intervals are determined, where all the
interval identifiers of the data identifiers in the same in-
terval are the same, and the interval identifiers of the data
identifiers in different intervals are different from each
other. As a result, the other client carries all the data
identifiers and their associated interval identifiers in the
data download request, and sends the data download
request to the client for processing.

[0069] For example, if the client A intends to request
the client B for downloading data, and all the data iden-
tifiers corresponding to the data to be requested by the
client A are {1, 2, 3, 4, 5, 6, 8}, then the client A firstly
groups locally all the data identifier corresponding to the
data to be requested by the client A, into two data iden-
tifier intervals [1,6] and [8, 8] respectively. The client A
assigns the data identifiers in the interval [1,6] with an
interval identifier o, and the data identifier in the interval
[8, 8] with an interval identifier 3. As a result, the client A
carries all the data identifiers and their associated interval
identifiers {1a, 2a, 3a, 4a, 5a, 60, 8a} in the data down-
load request, and sends the data download request to
the client B. The client B can read sequentially all the
dataidentifiers and the associated interval identifiers car-
ried by the client in any order upon reception of the data
download request of the client A. When the client B reads
the first data identifier (e.g., the data identifier 1), then
the client B reads only the one data identifier at this time,
so the client B temporarily groups the data identifier 1
separately into a set {1}a.. If the client B reads the second
data identifier (e.g., the data identifier 8), then the client
B determines whether the interval identifier of the previ-
ously read data identifier is the same as the interval iden-
tifier of the second data identifier, and since the interval
identifier of the data identifier 8 is different from the in-
terval identifier of the previously read data identifier 1,
the client B groups the data identifier 8 separately into
another set {8}. When the client B obtains the third data
identifier (e.g., the dataidentifier 6), then the interval iden-
tifier of the data identifier 6 is the same as the interval
identifier of the previously read data identifier 1, so the
client B groups the data identifier 6 and the data identifier
1 into the same set denoted as {1, 6}a. As a result, the
client B reading all the data identifiers can obtain the two
sets {1, 2, 3, 4, 5, 6}a and {8} respectively, and then the
client B identifies the data identifier interval correspond-
ing to each of the sets as [1, 6] and [8, 8] respectively by
the lowest value of data identifier and the highest value
of data identifier in the set.
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[0070] The second implementation is advantageous in
thatthe clientcan group rapidly the data identifiers carried
in the data download request into the intervals according
to the data identifiers and their associated interval iden-
tifiers carried in the data download request to thereby
save the amount of data to be processed by the client
and improve the data processing efficiency thereof. Even
if the interval identifiers of the data identifiers are lost
while being transmitted, then the client receiving all the
data identifiers can group the data identifiers into the in-
tervals as in the first implementation for the data identi-
fiers to be subsequently matched.

[0071] In a third implementation, the client, upon re-
ception of the data download request sent by the other
client, obtains the at least one data identifier interval di-
rectly from a specified field in the data download request.
[0072] In the third implementation, the data identifier
interval is determined by the other client requesting for
downloading the data in the same way as in the first im-
plementation and the second implementation, that is,
firstly the other client sorts all the data identifiers corre-
sponding to the data to be requested, in an ascending
order (or adescending order), then obtains the data iden-
tifiers sequentially in an ascending order (or a descend-
ing order), and determines for each of the obtained data
identifiers whether there is another data identifier con-
secutive in value therewith, and if so, then the other client
groups the data identifier and the other data identifier
consecutive in value therewith into the same data iden-
tifier interval; otherwise, the other client groups the data
identifier separately into a data identifier interval. After
the data identifiers are grouped into the intervals, the
other client records the data identifier intervals in the
specified field of the data download request, and sends
the data download request to the client. The client can
obtain the data identifier intervals corresponding to all
the data requested by the other client, directly from the
data download request.

[0073] The third implementation is advantageous in
that transmission of only the data identifier intervals in-
stead of all the data identifiers under a poor network con-
dition can save the amount of transmitted data and im-
prove the data transmission efficiency.

[0074] Ifthe other client requests still another client for
downloading data, then processing capacities of the two
clients shall be taken into account so that the data iden-
tifier intervals are determined by the other client with a
higher processing capacity among the other clients.
[0075] In the operation 210, the client matches each
of data identifiers corresponding to locally stored data
respectively with the at least one data identifier interval,
and obtains a result of matching.

[0076] Particularly the client determines whether the
value of any one of the data identifiers corresponding to
the locally stored data is more than or equal to the lowest
value of data identifier in the at least one data identifier
interval, and less than or equal to the highest value of
data identifier in the at least one data identifier interval;
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and if so, then the client determines that the any one of
the data identifier lies in the at least one data identifier
interval; otherwise, the client determines that the any one
of the data identifier does not lie in the at least one data
identifier interval.

[0077] For example, if the client B obtains two data
identifier intervals [1, 6] and [8, 8] from a data download
request of the client A, and data identifiers corresponding
to locally stored data of the client B are 0 to 9, then the
client B can obtain sequentially the data identifiers cor-
responding to the locally stored data in any order, and
determine whether the respective data identifiers lie in
the two data identifier intervals, for example, the data
identifier 2 is more than or equal to the lowest value of
dataidentifier 1 in the interval [1,6], and less than or equal
to the highest value of data identifier 6 in the interval [1,
6], so the data identifier 2 lies in the data identifier interval
[1, 6]; the data identifier 8 is more than or equal to the
lowest value of data identifier 8 in the interval [8, 8], and
less than or equal to the highest value of data identifier
8 in the interval [8, 8], so the data identifier 8 lies in the
data identifier interval [8, 8]; and the data identifier 7 is
more or than the lowest value of data identifier 1 in the
interval [1, 6], and neither less than nor equal to the high-
est value of data identifier 6 in the interval [1, 6], and the
data identifier 7 is neither more than nor equal to the
lowest value of data identifier 8 in the interval [8, 8], so
the data identifier 7 does not lie in any of the two data
identifier intervals [1, 6] and [8, 8]. As a result, the client
B reading all the data identifiers corresponding to the
locally stored data and making the determination for the
respective data identifiers obtains a set of data identifiers
lying in the two data identifier intervals as {1, 2, 3, 4, 5,
6, 8}.

[0078] In the operation 220, the client, upon determin-
ing from the result of matching that there is at least one
local data identifier lying in the at least one data identifier
interval, sends the stored data corresponding to the at
least one data identifier to the other client.

[0079] In order to ensure the overall data transmission
efficiency and data processing efficiency in the P2P net-
work, preferably if the client determines that there is at
least one local data identifier lying in the at least one data
identifier interval, then the client further determines
whether the number of other clients currently requesting
for obtaining the stored data corresponding to the at least
one data identifier reaches a preset threshold, and sends
the stored data corresponding to the at least one data
identifier to the other client upon determining that the
number of other clients does not reach the preset thresh-
old.

[0080] The client sends an indicator of a wait length of
time to the other client, or instructs the other client to
reinitiate a data download request to another data
source, upon determining that the number of other clients
currently requesting for obtaining the stored data corre-
sponding to the at least one data identifier reaches the
preset threshold.
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[0081] Forexample,ifthe client provides different other
clients with the stored data corresponding to the same
data identifier in the same period of time, and the client
can serve currently a number 5 of other clients, then 5 is
apreset threshold of the client. The client, upon receiving
a data download request of another client A, parses the
data download request for a set of data identifiers corre-
sponding to data requested by the other client A. The
client reads the data identifier sequentially from the set
of data identifiers, and determines for each of the read
data identifiers whether there is currently another client
requesting the client for obtaining data corresponding to
the read data identifier, until all the data identifiers in the
set of data identifiers are read, where if the client deter-
mines that there is another client also requesting for the
data corresponding to the data identifier, then the client
further determines whether the number of current other
clients reaches the preset threshold, and if so, then the
client sends an indicator of a wait length of time to the
other client A to notify the other client A about a length
of time for the other client A to wait for obtaining the re-
quest data, or the client sends to the other client A the
name or the address of still another client (e.g., the other
client B) also possessing the stored data corresponding
to the data identifier, so that the other client A reinitiates
a data download request to the still other client B; other-
wise, the client sends the data corresponding to the data
identifier directly to the other client A. If the client deter-
mines that there is no other client requesting for the data
corresponding to the data identifier, then the client sends
the data corresponding to the data identifier directly to
the other client A.

[0082] Based upon the embodiments above, referring
to Fig.3, an embodiment of the disclosure further pro-
vides an apparatus 30 for downloading data particularly
including an updating module 300, a communicating
module 301, and a comparing module 302, where:
[0083] The updating module 300 is configured to up-
date a local download decision recording data identifiers
of downloaded data, and data identifiers of data to be
downloaded, upon detecting an update to the total
number of clients P2P-connected with a local client while
the data are being downloaded from a CDN in the P2P
mode;

[0084] The communicating module 301 is configured
to send the local download decision to the other clients
P2P-connected with the local client, and to receive down-
load decisions sent by the other clients P2P-connected
with the local client; and

[0085] The comparing module 302 is configured to
compare the local download decision with the received
download decisions, and if it is determined from a com-
parison result that the same data identifier is included in
the local download decision and any one of the received
download decisions, to determine an adjustment to the
local download decision according to a data download
state represented by the same data identifier.

[0086] Particularly the updating module 300 is config-
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ured to be notified by the CDN about the update to the
total number of clients P2P-connected with the local cli-
ent; or to know the update to the total number of clients
P2P-connected locally with the client, upon reception of
a P2P access notification sent by another client.

[0087] Particularly the updating module 300 is config-
ured to be instructed by the CDN to update the local
download decision; or to update the local download de-
cision using locally generated random numbers.

[0088] Particularly the comparing module 302 is con-
figured, if it is determined from the comparison result that
the same data identifier is included in the local download
decision and any one of the received download deci-
sions, to compare an initial record time of the same data
identifier in the local download decision with an initial
record time thereof in the any one of the received down-
load decisions; and if the initial record time of the same
data identifier in the local download decision is earlier
than the initial record time thereof in the any one of the
received download decisions, to determine no adjust-
ment to the local download decision, and to instruct the
client sending the any one of the received download de-
cisions to delete the same data identifier, and if the initial
record time of the same data identifier in the local down-
load decision is later than the initial record time thereof
in the any one of the received download decisions, to
delete the same data identifier directly from the local
download decision.

[0089] On the other hand, the comparing module 302
is configured, if it is determined from the comparison re-
sult that the same data identifier is included in the local
download decision and any one of the received download
decisions, to compare the amount of downloaded data,
corresponding to the same data identifier, recorded in
the local download decision with the amount of down-
loaded data, corresponding to the same data identifier,
recorded in the any one of the received download deci-
sions; and if the amount of downloaded data, correspond-
ing to the same data identifier, recorded in the local down-
load decision is more than the amount of downloaded
data, corresponding to the same data identifier, recorded
in the any one of the received download decisions, to
determine no adjustment to the local download decision,
and to instruct the client sending the any one of the re-
ceived download decisions to delete the same data iden-
tifier; and if the amount of downloaded data, correspond-
ing to the same data identifier, recorded in the local down-
load decisionis less than the amount of downloaded data,
corresponding to the same data identifier, recorded in
the any one of the received download decisions, to delete
the same data identifier directly from the local download
decision.

[0090] Further to the embodiment above, referring to
Fig.3, the apparatus furtherincludes an obtaining module
303, a matching module 304, and a sending module 305,
where:

[0091] The obtaining module 303 is configured to re-
ceive a data download request sent by a client, and to
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obtain at least one data identifier interval from the data
download request;

[0092] The matching module 304 is configured to
match each of data identifiers corresponding to locally
stored data respectively with the at least one data iden-
tifier interval, and to obtain a result of matching; and
[0093] The sending module 305 is configured, if it is
determined from the result of matching that there is at
least one local data identifier lying in the atleast one data
identifier interval, to send the stored data corresponding
to the at least one data identifier to the client.

[0094] Particularly the obtaining module 303 is config-
ured, upon reception of the data download request sent
by the client, to obtain all the data identifiers carried in
the data download request, from the data download re-
quest in a preset order, to determine for each of the ob-
tained data identifiers whether there is another data iden-
tifier consecutive in value therewith, and if so, to group
the data identifier and the other data identifier into the
same data identifier interval; otherwise, to group the data
identifier separately into a data identifier interval; or
[0095] The obtaining module 303 is configured, upon
reception of the data download request sent by the client,
to obtain all the data identifiers and associated interval
identifiers carried in the data download request, from the
data download request, and to group the respective data
identifiers into at least one data identifier interval accord-
ing to the interval identifiers associated with each of the
data identifiers; or

[0096] The obtaining module 303 is configured, upon
reception of the data download request sent by the client,
to obtain the at least one data identifier interval directly
from a specified field in the data download request.
[0097] The matching module 304 is configured to de-
termine whether the value of any one of the data identi-
fiers corresponding to the locally stored data is more than
or equal to the lowest value of data identifier in the at
least one data identifier interval, and less than or equal
to the highest value of data identifier in the at least one
data identifier interval; and if so, to determine that the
any one of the data identifier lies in the at least one data
identifier interval; otherwise, to determine that the any
one of the data identifier does not lie in the at least one
data identifier interval.

[0098] The sending module 305 is configured, if it is
determined that there is at least one local data identifier
lying in the at least one data identifier interval, to further
determine whether the number of other clients currently
requesting for obtaining the stored data corresponding
to the atleast one data identifier reaches a preset thresh-
old, and to send the stored data corresponding to the at
least one data identifier to the other client upon deter-
mining that the number of other clients does not reach
the preset threshold.

[0099] Furthermore the sending module 305 is config-
ured to send an indicator of a wait length of time to the
client, or to instruct the client to reinitiate a data download
request to another data source, if it is determined that
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the number of other clients currently requesting for ob-
taining the stored data corresponding to the at least one
data identifier reaches the preset threshold.

[0100] In summary, in the technical solutions accord-
ing to the embodiments of the disclosure, if the clients
operating in the P2P mode go online or offline, then the
local download decisions of the respective clients will be
updated in a timely manner by generating the random
numbers, and compared and adjusted, thus avoiding the
downloaded data from being downloaded repeatedly and
saving in effect the network resources.

[0101] Furthermore in the technical solutions accord-
ing to the embodiments of the disclosure, only the data
identifier interval can be carried in the data download
request sent by the client to thereby save the amount of
transmitted data and improve the data transmission effi-
ciency. Moreover in the embodiments of the disclosure,
the data identifiers can be matched with the data identifier
interval simply by matching once the data identifiers cor-
responding to the locally stored data with the data iden-
tifierinterval, to thereby greatly improve the data process-
ing efficiency as compared with the prior artin which each
of the received data identifiers is matched with the re-
spective data identifiers of the locally stored data.
[0102] Another embodiment of the disclosure provides
an electronic device, for example, which can be a smart
TV, a personal computer, a smart handset, an iPad, or
any other electronic terminals capable of downloading
and uploading data.

[0103] Referring to Fig.4, the electronic device gener-
ally include structurally in hardware a controller 40, a
memory 41, and a network transmission apparatus 42,
where:

[0104] The memory 41 is configured to store a local
download decision, and information about opposite elec-
tronic devices P2P-connected with the electronic device.
[0105] The controller 40 is configured to perform the
operations of: updating a local download decision record-
ing data identifiers of downloaded data, and data identi-
fiers of data to be downloaded, upon detecting an update
to the total number of opposite electronic devices P2P-
connected with the local electronic device while the data
are being downloaded from a Content Distribution Net-
work (CDN) in the P2P mode; sending the local download
decision to the opposite electronic devices P2P-connect-
ed with the local electronic device, and to receive down-
load decisions sent by the opposite electronic devices
P2P-connected with the local electronic device, through
the network transmission apparatus 42; and comparing
the local download decision with the received download
decisions, and if itis determined from a comparison result
that the same data identifier is included in the local down-
load decision and any one of the received download de-
cisions, then determining an adjustment to the local
download decision according to a data download state
represented by the same data identifier.

[0106] The controller 40 performs the method for
downloading data according to the embodiment of the
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disclosure to update the data download decision and to
download the data.

[0107] The network transmission apparatus 42 is con-
figured to be instructed by the controller 40 to receive or
transmit the data from or to a CDN node or the opposite
electronic devices.

[0108] Another embodiment of the disclosure provides
a system for downloading data including at least two of
the electronic devices according to the embodiment
above, and a CDN system. The electronic devices are
connected with each other over a network, and all of the
electronic devices are connected with the CDN system.
The electronic devices are configured to update a local
download decision recording data identifiers of down-
loaded data, and data identifiers of data to be download-
ed, upon detecting an update to the total number of clients
P2P-connected with the local client while the data are
being downloaded from a CDN in the P2P mode; to send
the local download decision to the other clients P2P-con-
nected with the local client, and to receive download de-
cisions sent by the other clients P2P-connected with the
local client; and to compare the local download decision
with the received download decisions, and if it is deter-
mined from a comparison result that the same data iden-
tifier is included in the local download decision and any
one of the received download decisions, to determine an
adjustment to the local download decision according to
a data download state represented by the same data
identifier.

[0109] Those skilled in the art shall appreciate that the
embodiments of the disclosure can be embodied as a
method, a system ora computer program product. There-
fore the disclosure can be embodied in the form of an all-
hardware embodiment, an all-software embodiment or
an embodiment of software and hardware in combina-
tion. Furthermore the disclosure can be embodied in the
form of a computer program product embodied in one or
more computer useable storage mediums (including but
not limited to a disk memory, a CD-ROM, an optical mem-
ory, etc.) in which computer useable program codes are
contained.

[0110] The disclosure has been described in a flow
chart and/or a block diagram of the method, the device
(system) and the computer program product according
to the embodiments of the disclosure. It shall be appre-
ciated that respective flows and/or blocks in the flow chart
and/or the block diagram and combinations of the flows
and/or the blocks in the flow chart and/or the block dia-
gram can be embodied in computer program instructions.
These computer program instructions can be loaded onto
a general-purpose computer, a specific-purpose compu-
ter, an embedded processor or a processor of another
programmable data processing device to produce a ma-
chine so that the instructions executed on the computer
or the processor of the other programmable data
processing device create means for performing the func-
tions specified in the flow(s) of the flow chart and/or the
block(s) of the block diagram.
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[0111] These computer program instructions can also
be stored into a computer readable memory capable of
directing the computer or the other programmable data
processing device to operate in a specific manner so that
the instructions stored in the computer readable memory
create an article of manufacture including instruction
means which perform the functions specified in the
flow(s) of the flow chart and/or the block(s) of the block
diagram.

[0112] These computer program instructions can also
be loaded onto the computer or the other programmable
data processing device so that a series of operational
steps are performed on the computer or the other pro-
grammable data processing device to create a computer
implemented process so that the instructions executed
on the computer or the other programmable device pro-
vide steps for performing the functions specified in the
flow(s) of the flow chart and/or the block(s) of the block
diagram.

[0113] Although the preferred embodiments of the dis-
closure have been described, those skilled in the art ben-
efiting from the underlying inventive concept can make
additional modifications and variations to these embod-
iments. Therefore the appended claims are intended to
be construed as encompassing the preferred embodi-
ments and all the modifications and variations coming
into the scope of the disclosure.

[0114] Evidently those skilled in the art can make var-
ious modifications and variations to the disclosure with-
out departing from the spirit and scope of the disclosure.
Thus the disclosure is also intended to encompass these
modifications and variations thereto so long as the mod-
ifications and variations come into the scope of the claims
appended to the disclosure and their equivalents.

Claims

1. A method for downloading data, the method com-
prising:

updating, by a client, a local download decision
recording data identifiers of downloaded data,
and data identifiers of data to be downloaded,
upon detecting an update to a total number of
clients Peerto Peer connected, P2P-connected,
with the local client while data are being down-
loaded from a Content Distribution Network,
CDN, in a P2P mode;

sending, by the client, the local download deci-
sion to other clients P2P-connected with the lo-
cal client, and receiving download decisions
sent by the other clients P2P-connected with the
local client; and

comparing, by the client, the local download de-
cision with the received download decisions,
and if it is determined from a comparison result
that a same data identifier is comprised in the
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local download decision and any one of the re-
ceived download decisions, then determining an
adjustment to the local download decision ac-
cording to a data download state represented
by the same data identifier.

2. The method according to claim 1, wherein detecting,
by the client, the update to the total number of clients
P2P-connected with the local client comprises:

the client being instructed by the CDN about the
update to the total number of clients P2P-con-
nected with the local client; or

knowing, by the client, the update to the total
number of clients P2P-connected with the local
client, upon reception of a P2P access notifica-
tion sent by another client.

3. The method according to claim 1, wherein updating,
by the client, the local download decision comprises:

updating, by the client, the local download deci-
sion according to instruction from the CDN; or

updating, by the client, the local download deci-
sion using locally generated random numbers.

4. The method according to claim 1, 2 or 3, wherein if
it is determined from the comparison result that the
same data identifier is comprised in the local down-
load decision and any one of the received download
decisions, then adjusting, by the client, the local
download decision according to the data record state
represented by the same data identifier comprises:

ifitis determined from the comparison result that
the same data identifier is comprised in the local
download decision and any one of the received
download decisions, then comparing, by the cli-
ent, an initial record time of the same data iden-
tifierin the local download decision with an initial
record time thereofin the any one of the received
download decision; and

iftheinitial record time of the same dataidentifier
in the local download decision is earlier than the
initial record time thereof in the any one of the
received download decision, then determining
no adjustment to the local download decision,
and instructing the client sending the any one of
the received download decision to delete the
same data identifier, and

iftheinitial record time of the same data identifier
in the local download decision is later than the
initial record time thereof in the any one of the
received download decision, then deleting the
same data identifier directly from the local down-
load decision.

5. The method according to claim 1, 2 or 3, wherein if
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it is determined from the comparison result that the
same data identifier is comprised in the local down-
load decision and any one of the received download
decisions, then adjusting, by the client, the local
download decision according to the datarecord state
represented by the same data identifier comprises:

ifitis determined from the comparison result that
the same data identifier is included in the local
download decision and any one of the received
download decisions, then comparing, by the cli-
ent, amount of downloaded data, corresponding
to the same data identifier, recorded in the local
download decision with amount of downloaded
data, corresponding to the same data identifier,
recorded in the any one of the received down-
load decision; and

if the amount of downloaded data, correspond-
ing to the same data identifier, recorded in the
local download decision is more than the amount
of downloaded data, corresponding to the same
data identifier, recorded in the any one of the
received download decision, then determining
no adjustment to the local download decision,
and instructing the client sending the any one of
the received download decision to delete the
same data identifier, and

if the amount of downloaded data, corresponding to
the same data identifier, recorded in the local down-
load decision is less than the amount of downloaded
data, corresponding to the same data identifier, re-
corded in the any one of the received download de-
cision, then deleting the same data identifier directly
from the local download decision.

The method according to any one of claims 1 to 5,
wherein after the adjustment to the local download
decision is determined, the method further compris-
es:

receiving a data download request sent by other
client, and obtaining at least one data identifier
interval from the data download request;
matching each of data identifiers corresponding
to locally stored data respectively with the at
least one data identifier interval, and obtaining
a result of matching; and

ifitis determined from the result of matching that
there is at least one local data identifier lying in
the at least one data identifier interval, then
sending the stored data corresponding to the at
least one data identifier to the other client.

The method according to claim 6, wherein receiving
the data download request sent by the other client,
and obtaining the at least one data identifier interval
from the data download request comprises:
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upon reception of the data download request
sent by the other client, obtaining all data iden-
tifiers carried in the data download request, from
the data download requestin a preset order, de-
termining for each of the obtained data identifi-
ers whether there is another data identifier con-
secutive in value therewith, and if so, grouping
the data identifier and the other data identifier
into a same data identifier interval; otherwise,
grouping the data identifier separately into a da-
ta identifier interval; or

upon reception of the data download request
sent by the other client, obtaining all the data
identifiers and associated interval identifiers car-
ried in the data download request, from the data
download request, and grouping the respective
data identifiers into at least one data identifier
interval according to the interval identifiers as-
sociated with each of the data identifiers; or
upon reception of the data download request
sent by the other client, obtaining the at least
one data identifier interval directly from a spec-
ified field in the data download request.

The method according to claim 6, wherein matching
each of the data identifiers corresponding to the lo-
cally stored data respectively with the at least one
data identifier interval, and obtaining the result of
matching comprises:

determining whether the value of any one of the
data identifiers corresponding to the locally
stored data is more than or equal to a lowest
value of the data identifier in the at least one
data identifier interval, and less than or equal to
a highest value of the data identifier in the at
least one data identifier interval; and

if so, then determining that the any one of the
data identifiers lies in the at least one data iden-
tifier interval,

otherwise, determining that the any one of the data
identifier does notlie in the at least one data identifier
interval.

The method according to claim 6, 7 or 8, wherein if
itis determined from the result of matching that there
is at least one local data identifier lying in the at least
one data identifier interval, then sending the stored
data corresponding to the at least one data identifier
to the other client comprises:

if it is determined that there is at least one local
data identifier lying in the at least one data iden-
tifier interval, then further determining whether
a number of other clients currently requesting
for obtaining the stored data corresponding to
the at least one data identifier reaches a preset
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threshold, and sending the stored data corre-
sponding to the at least one data identifier to the
other client upon determining that the number
of other clients does not reach the preset thresh-
old.

10. The method according to claim 9, further comprising:

sending an indicator of a wait length of time to
the other client, or instructing the other client to
reinitiate a data download request to another da-
ta source, upon determining that the number of
other clients currently requesting for obtaining
the stored data corresponding to the atleastone
data identifier reaches the preset threshold.

11. An apparatus for downloading data, the apparatus

comprising:

an updating module configured to update alocal
download decision recording data identifiers of
downloaded data, and data identifiers of data to
be downloaded, upon detecting an update to the
total number of clients Peer to Peer connected,
P2P-connected, with a local client while the data
are being downloaded from a Content Distribu-
tion Network, CDN, in the P2P mode;
acommunicating module configured to send the
local download decision to other clients P2P-
connected with the local client, and to receive
download decisions sent by the other clients
P2P-connected with the local client; and

a comparing module configured to compare the
local download decision with the received down-
load decisions, and if it is determined from a
comparison result that a same data identifier is
comprised in the local download decision and
any one of the received download decisions, to
determine an adjustment to the local download
decision according to a data download state rep-
resented by the same data identifier.

12. The apparatus according to claim 11, wherein the

updating module is configured:

to be instructed by the CDN about the update to
the total number of clients P2P-connected with
the local client; or

to know the update to the total number of clients
P2P-connected with the local client, upon recep-
tion of a P2P access notification sent by another
client.

13. The apparatus according to claim 11, wherein the

updating module is configured:

to be instructed by the CDN to update the local
download decision; or
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14.

15.

30

to update the local download decision using lo-
cally generated random numbers.

The apparatus according to claim 11, 12 or 13,
wherein the comparing module is configured:

ifitis determined from the comparison result that
the same data identifier is comprised in the local
download decision and any one of the received
download decisions, to compare an initial record
time of the same dataidentifier in the local down-
load decision with an initial record time thereof
in the any one of the received download deci-
sions; and

iftheinitial record time of the same data identifier
in the local download decision is earlier than the
initial record time thereof in the any one of the
received download decisions, to determine no
adjustment to the local download decision, and
to instruct client sending the any one of the re-
ceived download decisions to delete the same
data identifier, and

if the initial record time of the same data identifier in
the local download decision is later than the initial
record time thereof in the any one of the received
download decisions, to delete the same data identi-
fier directly from the local download decision.

The apparatus according to claim 11, 12 or 13,
wherein the comparing module is configured:

ifitis determined from the comparison result that
the same data identifier is comprised in the local
download decision and any one of the received
download decisions, to compare amount of
downloaded data, corresponding to the same
data identifier, recorded in the local download
decision with amount of downloaded data, cor-
responding to the same data identifier, recorded
in the any one of the received download deci-
sions; and

if the amount of downloaded data, correspond-
ing to the same data identifier, recorded in the
local download decision is more than the amount
of downloaded data, corresponding to the same
data identifier, recorded in the any one of the
received download decisions, to determine no
adjustment to the local download decision, and
to instruct client sending the any one of the re-
ceived download decisions to delete the same
data identifier, and

if the amount of downloaded data, corresponding to
the same data identifier, recorded in the local down-
load decision is less than the amount of downloaded
data, corresponding to the same data identifier, re-
corded in the any one of the received download de-
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cisions, to delete the same data identifier directly highest value of data identifier in the atleast one

16. The apparatus according to any one of claims 11 to
15, further comprising:

an obtaining module configured to receive a data
download request sent by other client, and to
obtain at least one data identifier interval from
the data download request, after the adjustment
to the local download decision is determined;
a matching module configured to match each of
data identifiers corresponding to locally stored
data respectively with the atleast one data iden-
tifier interval, and to obtain a result of matching;
and

a sending module configured, if it is determined
from the result of matching that there is at least
one local data identifier lying in the at least one
data identifier interval, to send the stored data
corresponding to the at least one data identifier
to the other client.

17. The apparatus according to claim 16, wherein the
obtaining module is configured:

upon reception of the data download request
sent by the other client, to obtain all data iden-
tifiers carried in the data download request, from
the data download request in a preset order, to
determine for each of the obtained data identi-
fiers whether there is another data identifier con-
secutive in value therewith, and if so, to group
the data identifier and the other data identifier
into a same data identifier interval; otherwise, to
group the data identifier separately into a data
identifier interval; or

upon reception of the data download request
sent by the other client, to obtain all the data
identifiers and associated intervalidentifiers car-
ried in the data download request, from the data
download request, and to group the respective
data identifiers into at least one data identifier
interval according to the interval identifiers as-
sociated with each of the data identifiers; or
upon reception of the data download request
sent by the other client, to obtain the at least one
data identifier interval directly from a specified
field in the data download request.

18. The apparatus according to claim 16, wherein the
matching module is configured:

to determine whether the value of any one of the
data identifiers corresponding to the locally
stored data is more than or equal to a lowest
value of data identifier in the at least one data
identifier interval, and less than or equal to a
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from the local download decision. data identifier interval; and

if so, to determine that the any one of the data
identifier lies in the at least one data identifier
interval;

otherwise, to determine that the any one of the data
identifier does notlie in the at least one data identifier
interval.

19. The apparatus according to claim 16, 17 or 18,
wherein the sending module is configured:

if it is determined that there is at least one data
identifier lying in the at least one data identifier
interval, to further determine whether a number
of other clients currently requesting for obtaining
the stored data corresponding to the atleastone
data identifier reaches a preset threshold, and
to send the stored data corresponding to the at
least one data identifier to the other client upon
determining that the number of other clients
does not reach the preset threshold.

20. The apparatus according to claim 19, wherein the
sending module is further configured:

to send an indicator of a wait length of time to
the other client, or to instruct the other client to
reinitiate a data download request to another da-
ta source, if it is determined that the number of
other clients currently requesting for obtaining
the stored data corresponding to the atleastone
data identifier reaches the preset threshold.

21. Anelectronicdevice, comprising a controller,amem-
ory, and a network transmission apparatus, wherein:

the memory is configured to store a local down-
load decision, and information about opposite
electronic devices Peer to Peer connected,
P2P-connected, with the electronic device;

the controller is configured to perform opera-
tions of: updating a local download decision re-
cording data identifiers of downloaded data, and
data identifiers of data to be downloaded, upon
detecting an update to a total number of opposite
electronic devices P2P-connected with the local
electronic device while the data are being down-
loaded from a Content Distribution Network,
CDN, in the P2P mode; sending the local down-
load decision to the opposite electronic devices
P2P-connected with the local electronic device,
and to receive download decisions sent by the
opposite electronic devices P2P-connected with
the local electronic device, through the network
transmission apparatus; and comparing the lo-
cal download decision with the received down-
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load decisions, and if it is determined from a
comparison result that a same data identifier is
comprised in the local download decision and
any one of the received download decisions,
then determining an adjustment to the local
download decision according to a data down-
load state represented by the same data identi-
fier; and

the network transmission apparatus is config-
ured to be instructed by the controller to receive
or transmit the data from or to a CDN node or
the opposite electronic devices.

22. Asystem for downloading data, the system compris-
ing at least two of the electronic devices according
to claim 21, which are connected with each other
over a network, and a CDN system connected with
the electronic devices.

10

15

20

25

30

35

40

45

50

55

18

34



EP 3 089 426 A1

100

—

If a client downloading data from a CDN in the P2P mode detects
an update to the total number of clients P2P-connected with the
local client, then the client updates a local download decision
recording data identifiers of downloaded data, and data identifiers
of data to be downloaded

/__./

The client sends the local download decision to the other clients
P2P-connected with the local client, and receives download
decisions sent by the other clients P2P-connected with the local
client

The client compares the local download decision with the received
download decisions, and if it is determined from a comparison
result that the same data identifier is included in the local download
decision and any one of the received download decisions, then the
client determines an adjustment to the local download decision
according to a data download state represented by the same data
identifier

Fig.1
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Receive a data download request sent by a client, and obtain at
least one data identifier interval from the data download
request

210

/

Match each of data identifiers corresponding to locally stored
data respectively with the at least one data identifier interval,
and obtain a result of matching

220

/_./

Upon determining from the result of matching that there 1s at
least one local data identifier lying in the at least one data
identifier interval, send the stored data corresponding to the at
least one data identifier to the client

Fig.2
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